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MATRIX ADDRESSABLE DISPLAY WITH 
DELAY LOCKED LOOP CONTROLLER 

STATEMENT AS TO GOVERNMENT RIGHTS 

This invention Was made With government support under 
Contract No. DABT-63-93-C-0025 by Advanced Research 
Projects Agency. The government has certain rights to this 
invention. 

TECHNICAL FIELD 

This invention relates to visual display systems, and more 
particularly to systems for maintaining synchronization of 
picture signals of visual display devices. 

BACKGROUND OF THE INVENTION 

Current visual display devices such as televisions typi 
cally employ cathode ray tubes (“CRTs”). Most televisions 
are driven by an analog video signal, Which in North 
America, is governed by the NTSC standard. The standard 
NTSC signal, and other standard television signals, include 
both video and synchroniZing (“sync”) signals. In a color 
television, the video signals include luminance (i.e., 
intensity) and chrominance (ie., color) information. The 
sync signal includes horiZontal and vertical synching pulses 
and horiZontal and vertical blanking intervals. The horiZon 
tal synching pulses synchroniZe the horiZontal sWeep of the 
CRT’s scanning electron gun With the source that produces 
the NTSC signal. Similarly, the vertical sync pulses syn 
chroniZe ?elds or frames of displayed information on the 
CRT. 

The horiZontal blanking interval is a period that compen 
sates for the time required for the electron gun to return from 
the right-hand side back to the left-hand side of the screen 
betWeen the display of adjacent lines on the CRT. LikeWise, 
the vertical blanking interval is a period that compensates 
for the time required for the electron gun to return from the 
bottom to the top of the screen betWeen the display of 
consecutive frames. Well knoWn circuitry coupled to the 
CRT synchroniZes and drives the electron gun in response to 
the video and synchronizing signals of the television signal 
to produce a coherent picture. CRTs, hoWever, are bulky, 
heavy and consume signi?cant amounts of poWer. 
Therefore, alternative displays have been developed such as 
liquid crystal displays (“LCDs”), ?eld emission displays and 
plasma displays. Such displays are typically referred to as 
“matrix displays” because they include an M roW by N 
column matrix of display cells or “pixels.” 

Typically, individual display cells in the matrix are indi 
vidually addressed by means of pointer signals. For 
example, a given roW is ?rst addressed by a roW pointer 
signal. Then, each column is serially addressed by an analog 
column signal including luminance and chrominance infor 
mation. The roW pointer signal and column signal are 
produced in response to an image signal, such as a television 
signal, by auxiliary circuitry that converts the horiZontal and 
vertical sync pulses into clock and addressing signals for 
addressing and Writing information to each display cell in 
the matrix array. 

One method of producing the column pointer signals is to 
couple successive outputs of a shift register to successive 
column drivers Where each column driver is coupled to a 
successive column of the matrix array. Then, a single “1” is 
entered into the ?rst cell of the shift register and “Walked” 
through the shift register in response to a column clock. As 
the “1” arrives at each successive cell, the “1” activates the 
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2 
corresponding column driver. In response, the column driver 
couples chrominance and luminance information to the 
column of the matrix array. 

One draWback of the above described approach is that, as 
the number of columns in displays increases, the number of 
cells in the shift register increases, making the shift register 
increasingly expensive. Moreover, as the number of col 
umns increases and the refresh rate of the display increases, 
the demand on the column clock increases. Further, the shift 
register and the shift register driving circuitry consume a 
signi?cant amount of poWer and can create a signi?cant 
amount of noise, thereby degrading operation of the display. 

SUMMARY OF THE INVENTION 

A matrix addressable display for producing an image in 
response to an image signal includes a delay locked loop 
including a delay chain formed from a series of variable 
delay circuits. In one embodiment, the display is controlled 
by a driving circuit that receives an image signal, such as an 
NTSC signal. The driving circuit includes a sync stripping 
circuit that produces a pulsed sync signal in response to a 
horiZontal sync component of the image signal and provides 
the sync signal to the delay chain. The sync signal then 
propagates through the delay chain Where it is output to a 
comparator. The comparator receives the delayed sync sig 
nal from the delay chain and also receives an undelayed sync 
signal from the sync stripping circuit. The comparator 
produces an error signal corresponding to a phase difference 
betWeen the undelayed sync signal and the output of the 
delay chain. The comparator provides the error signal to the 
respective delay circuits in the delay chain. In response to 
the error signal, the delay of the delay circuits increases or 
decreases correspondingly to minimiZe the error signal, until 
the delay of the delay chain equals the period of the sync 
signal. 
The output of each delay circuit activates a corresponding 

transfer gate so that, as the sync signal propagates through 
the delay chain, the transfer gates are activated in sequence. 
Analog inputs of the transfer gates receive the analog 
column signal and, When the transfer gates are activated by 
the delay circuits, the transfer gates provide samples of the 
analog column signal to respective columns of an array of 
emitter sets. Thus, as the pulse of the sync signal propagates 
through the delay chain, the transfer gates provide samples 
of the analog column signal to successive columns of the 
array. 

In addition to driving the delay chain, the sync signal also 
clocks a “1” through a roW register. The sync stripping 
circuit provides the initial “1” to the roW register in response 
to a vertical sync component of the image signal. The “1” 
thus Walks through the roW register, activating the roWs of 
the array in sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a preferred embodiment of 
a ?eld emission display according to the invention, includ 
ing a delay chain formed from a series of variable delay 
circuits. 

FIG. 2A is a timing diagram shoWing an NTSC signal, 
including horiZontal sync pulses, a vertical sync pulse and an 
analog portion. 

FIG. 2B is a signal timing diagram shoWing capacitor 
voltage in the ?rst delay circuit of FIG. 1. 

FIG. 2C is a signal timing diagram of an output pulse from 
the ?rst delay circuit. 
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FIG. 2D is a diagrammatic representation of delays of 
respective delay blocks Within the delay chain of FIG. 1. 

FIG. 2E is a diagrammatic representation of the delays 
Within the delay chain of FIG. 1 showing an insuf?cient 
overall delay time and a corresponding error. 

FIG. 3 is a schematic of a delay circuit in the delay chain 
of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As shoWn in FIG. 1, ?eld emission display 40 includes as 
its central element a matriX array 42. The display 40 is 
preferably monolithically integrated With the various cir 
cuitry described beloW. The display 40 is generally 
described herein as a monochrome display; hoWever, the 
invention can be adapted easily for application as a color 
display by one of skill in the art. Also, the matriX array 42 
is presented as having only seven columns and eleven roWs 
for clarity of presentation, although such matriX arrays 
typically include hundreds of roWs and columns. For 
example, NTSC arrays commonly include 263 roWs and 
over 500 columns. 

Operation of the display 40 responds to an image signal 
VIM that is received from a video signal generator 45. The 
video signal generator 45 is a conventional signal source 
such as a television receiver, VCR, camcorder, computer, or 
the like. The image signal VIM from the video signal 
generator 45 drives a sync separator 44. The image signal 
VIM is typically an NTSC or similar signal carrying video 
and sync information such as the signal shoWn in FIG. 2A. 
Alternatively, in some computer display applications, a 
display controller may provide the sync and video signals 
separately. In such applications, the sync separator 44 may 
be eliminated. 

The NTSC signal of FIG. 2A includes ?rst and second 
horiZontal sync pulses 50, 52 and an analog portion 54. The 
NTSC signal also includes a vertical sync pulse 55 for every 
horiZontal sync pulses 50, 52. The sync separator 44 sepa 
rates the sync pulses 50, 52, 55 from the analog portion 54 
and outputs the horiZontal sync pulses 50, 52 on a horiZontal 
sync line 56, the vertical sync pulses 55 on a vertical sync 
line 58, and the analog portion 54 on a driving line 60. The 
sync separator 44 inverts the horiZontal sync pulses 50, 52 
and eXtends the duration of the horiZontal sync pulses 50, 52 
to simplify operation of a delay chain 64, as Will be 
described beloW. 

The horiZontal sync pulses 50, 52 provide signal inputs to 
a delay locked loop 62 formed from a delay chain 64, a 
phase comparator 66, and a loW pass ?lter 67. The horiZontal 
sync pulses 50, 52 also provide a clocking input to a roW 
register 68 that receives the vertical sync pulses 55 as a data 
input. The analog portion 54 provides a signal input to a 
transfer gate array 70. Operation and structure of the delay 
locked loop 62 Will be described ?rst. 

The delay chain 64 forms the forWard transfer portion of 
the delay locked loop 62. Where the array 42 has N columns, 
the delay chain Will preferably have (N+1) delay blocks, as 
Will be described beloW. Thus, the delay chain 64 is formed 
from eight delay blocks 72, 84, 90—94, 96 for the seven 
column array 42 of FIG. 1. HoWever, one skilled in the art 
Will recogniZe that the delay chain Will typically include 
many more delay blocks. For example, in a 500-column 
display 40, the delay chain Will have 501 delay blocks. 

Each of the delay blocks 72, 84, 90—94, 96 is structured 
identically, although the values of the components Will differ 
for the ?rst and last delay blocks 72, 96. Therefore, only the 
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4 
structure and operation of the ?rst delay block 72 Will be 
described in detail. 

With reference to FIG. 3, the ?rst delay block 72 is formed 
from an RC circuit 76, a discharge circuit 78 and a level 
detector 80. The ?rst horiZontal sync pulse 50 is applied to 
the RC circuit 76 at time t0 and increases a voltage VCAP 
across a capacitor 82 according to an RC time constant of the 
RC circuit 76, as shoWn in FIG. 2B. As the capacitor voltage 
VCAP increases, the level detector 80 compares the capacitor 
voltage VCAP to a threshold voltage VTH from a level 
shifting circuit 85. The level shifting circuit 85 is a conven 
tional circuit that produces the threshold voltage VTH as a 
level shifted version of an error signal VER, Which is 
developed at the comparator 66, as Will be described beloW. 
To compare the capacitor voltage VCAP to the threshold 
voltage VTH, a differential ampli?er 83 in the level detector 
80 receives the capacitor voltage VCAP at a ?rst input and the 
threshold voltage VTH at a second input. When the capacitor 
voltage VCAP reaches the threshold voltage VTH of the level 
detector 80 (i.e., reaches the level shifted error signal VER), 
the ampli?er output goes high at time t1 shoWn in FIG. 2C. 
The high output of the ampli?er 83 forms an input of a 
second delay block 84 (FIG. 1) and also begins charging a 
discharge capacitor 87 in the discharge circuit 78 through a 
limiting resistor 89. The voltage VCD of the discharge 
capacitor 87 increases according to the RC time constant of 
the discharge capacitor 87 and limiting resistor 89. When the 
discharge capacitor voltage VCD reaches the threshold volt 
age VT of the discharge transistor 91 at time t2, the discharge 
transistor 91 turns ON. The ON discharge transistor 91 
quickly discharges the capacitor 82, thereby driving the ?rst 
input of the ampli?er 83 beloW the threshold voltage VTH. In 
response, the output of the ampli?er 83 falls as shoWn in 
FIG. 2B. The output of the delay block 72 is thus a pulse that 
is delayed by a time '51 With respect to the input horiZontal 
sync pulse. 
The time delay '51 of the ?rst delay block 72 is thus 

determined by the RC time constant of the RC circuit 76, and 
by the threshold voltage VTH of the level detector 80. As Will 
be eXplained beloW, the error signal VER applied to the level 
shifting circuit 85 establishes the threshold voltage VTH and 
thus controls the delay '51 of the ?rst delay block 72. Thus, 
the ?rst delay block 72 has an electrically adjustable time 
delay '51. 
The duration of the pulse from the delay block 72 is 

determined by the RC time constant of the limiting resistor 
89 and discharge capacitor 87 and by the threshold voltage 
VT of the discharge transistor 91. Thus, the pulse duration is 
substantially independent of the error signal VER and of the 
delay time '51. 
The second delay block 84 and the folloWing ?ve delay 

blocks 90—94 are structurally the same as the ?rst delay 
block 72, eXcept that the component values of the second 
through seventh delay blocks 84, 90—94 are selected for 
respective time delays T2—'C7 that are smaller than the ?rst 
time delay '51. As Will be eXplained in greater detail beloW, 
the difference betWeen the ?rst time delay '51 and the 
folloWing siX time delays T2—'C7 alloWs the ?rst time delay '51 
to compensate for a leading portion tLD (FIG. 2A) of the 
horiZontal blanking interval While the second through sev 
enth time delays T2—'C7 correspond to time separation 
betWeen successive columns of the array 42. 

An eighth, and ?nal, delay block 96 folloWs the seventh 
delay block 94. The eighth delay block 96 is structurally the 
same as the ?rst through seventh delay block 72, 84, 90—94 
eXcept that the delay "58 of the eighth delay block 96 
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corresponds to a trailing portion tTR (FIG. 2A) of the 
horizontal blanking interval. The overall delay 'CTOT of the 
delay chain 64 is thus the sum of the delays "c1—'c8 of the 
individual delay blocks 72, 84, 90—94, 96. 

The output of the delay chain 64 resulting from the ?rst 
horiZontal sync pulse 50 is applied to a ?rst input of the 
comparator 66 Where it is compared to the undelayed small 
horiZontal sync pulse 52. In response, the comparator 66 
outputs a signal corresponding to the phase difference 
betWeen the pulses 50, 52. The output signal from the 
comparator 66 is then loW-pass ?ltered by a ?lter 67 to 
produce an error signal VER. In some applications, the ?lter 
67 may also include general level shifting and/or amplifying 
circuitry to adjust the DC levels and/or amplitude of the 
error signal VER. The output of the phase comparator 66 can 
be either positive or negative depending upon the relative 
phases of the delayed and undelayed horiZontal sync signals. 
When the pulses 52 and the output of the eight delay blocks 
96 are exactly synchroniZed, the error signal VER has a Zero 
magnitude, indicating no error betWeen the overall delay 
'CTOT and the period of the horiZontal sync pulses 50, 52. 
As described above, the error signal VER forms the input 

to each of the threshold detectors 80. Therefore, if the error 
signal VER is not Zero (i.e., the overall delay 'CTOT does not 
equal the horiZontal sync period) the threshold voltages VTH 
Will shift and the overall delay 'CTOT Will change. For 
example, if the overall delay 'CTOT is greater than the 
horiZontal sync period, the error signal VER Will be negative, 
loWering the threshold voltages VTH and thereby reducing 
the time delays "c1—'c8 of the delay blocks 72, 84, 90—94, 96. 
The reduced time delays "c1—'c8 reduce the overall delay 'CTOT, 
reducing the difference betWeen the overall delay 'CTOT and 
the horiZontal sync period. Similarly, if the overall delay 
'CTOT is too short, the error signal VER is positive, increasing 
the time delays "c1—'c8 to reduce the error. 

In addition to providing portions of the overall delay 'CTOT, 
each of the delay blocks 72, 84, 90—94 also activates a 
respective transfer gate 86 in the gate array 70. Thus, as the 
horiZontal sync pulse propagates along the delay chain 64, 
successive transfer gates 86 are activated at intervals corre 
sponding to the time delays 'cl—"c7. As each transfer gate 86 
is activated, it transmits a corresponding part of the analog 
portion 54 (FIG. 2A) to a respective column of the array 42, 
because the analog portion 54 forms the driving input of the 
gate array 70. Thus, each column of the array 42 receives a 
respective sample of the analog portion 54 as each horiZon 
tal sync pulse 50, 52 propagates through the delay chain 64. 
At the same time that each horiZontal sync pulse 50, 52 is 

applied to the delay chain 64, the pulse 50, 52 also arrives 
at a clocking input of the roW register 68. As is conventional, 
the vertical sync pulse 55 arrives before the ?rst horiZontal 
sync pulse 50 and loads a “1” into the ?rst cell 100 of the 
roW register 68. Each horiZontal sync pulse 50, 52 clocks the 
“1” to a subsequent cell of the roW register 68 so that the “1” 
is “Walked” completely through the roW register 68 every 
eleven horiZontal sync pulses 50, 52. 

The output of each cell 100 drives a respective roW of the 
array 42 so that, in response to each successive horiZontal 
sync pulse 50, 52, the roW register 68 activates a successive 
roW of the array 42. As described above, each horiZontal 
sync pulse 50, 52 also drives each column of the array 42 
With a respective sample of the analog portion 54. Thus, in 
response to each horiZontal sync pulse 50, 52 every column 
of a successive roW of the array 42 is activated With 
corresponding samples of the analog portion 54. Once all of 
the roWs are activated, a neW “1” is loaded into the shift 
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6 
register 68 in response to a neW vertical sync pulse 55 and 
the roWs are once again activated by the horiZontal sync 
pulses 50, 52. The delay locked loop 62 avoids the voltage 
controlled oscillator associated With similar phase lock loop 
driven circuits, because the timing is driven directly by the 
horiZontal and vertical sync pulses 50, 52, 55. 
As noted above, the ?rst and last delay blocks 72, 96 each 

have a time delay '51, '58 corresponding to the leading and 
trailing portions tLD, tTR of the horiZontal blanking period. 
To compensate for variations in the blanking interval por 
tions tLD, tm and to provide a “horiZontal adjust,” respective 
voltage adjustment circuits 102, 104 are coupled betWeen 
the output of the loW pass ?lter 67 and the control inputs of 
the respective level detectors 80. The adjustment circuits 
102, 104 shift the voltage level of the error signal VER to 
adjust the time delays "c1, '58. The adjustment circuits 102, 
104 are preferably level shifting circuits that do not affect 
variations in the error signal VER and thus do not affect 
correction of the time delays "c1, '58. Alternatively, the ?rst 
and eighth delay blocks 72, 96 can be formed from a 
plurality of identical circuits so that all of the delay blocks 
72, 84, 90—94, 96 can be produced from identical compo 
nents. 

From the foregoing, it Will be appreciated that, although 
an exemplary embodiment of the invention has been 
described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. For example, the delay locked loop 
can be used to drive roWs of the array, rather than columns 
of the array, for some applications. Similarly, the delay 
elements and level detectors can be realiZed through a 
variety of conventional circuit elements. LikeWise, the delay 
locked loop 62 can be adapted to respond to vertical sync 
components or other components of the image signal. Also, 
although the comparator 66 of FIG. 1 receives the delayed 
sync signal from the last delay block 96, the comparator 66 
can instead be adapted to accept an output from any of the 
delay blocks 72, 84, 90—94. Moreover, although the display 
40 described herein is preferably a ?eld emission display 
Where the matrix array 42 includes an emitter substrate 
aligned to a display screen, the circuits and methods 
described herein are applicable to a variety of other matrix 
addressable displays, such as plasma displays and liquid 
crystal displays. Further, although the embodiment of FIG. 
1 has been described herein as producing a Zero voltage 
When the pulse 52 and the output of the eighth delay block 
96 are synchroniZed, a non-Zero error signal VER can be used 
to indicate synchroniZation. Accordingly, the invention is 
not limited except as by the appended claims. 

I claim: 
1. A driving circuit for driving a matrix addressable 

display in response to a driving signal and a sync signal, 
comprising: 

a delay chain including a plurality of serially coupled 
delay circuits coupled to receive the sync signal, 
Wherein at least a ?rst one of the delay circuits is 
operative to propagate the sync signal With a variable 
delay in response to a delay control signal; 

a comparator having a ?rst input coupled to receive a 
delayed signal from a selected second one of the delay 
circuits and a second input coupled to receive the sync 
signal, the comparator being operative to compare the 
delayed signal and the sync signal and to produce the 
delay control signal in response to the relative phases of 
the delayed signal and the sync signal; and 

a ?rst line driver circuit coupled to receive the driving 
signal and the delayed signal from the delay chain, the 
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line driver circuit being con?gured to produce samples 
of the driving signal in response to the delayed signal. 

2. The driving circuit of claim 1 Wherein the ?rst and 
second ones of the delay circuits are the same delay circuit. 

3. The driving circuit of claim 1 Wherein the ?rst line 
driver circuit includes a bank of transfer gates. 

4. The driving circuit of claim 1 Wherein the driving signal 
and sync signal together form an image signal, further 
including a sync stripping circuit having an output coupled 
to the delay chain, the sync stripping circuit being con?g 
ured to strip the sync signal from the image signal and to 
provide the sync signal to the delay chain. 

5. The driving circuit of claim 4 Wherein the display is 
responsive to roW and column signals, further including a 
second line driving circuit coupled to the sync stripping 
circuit and having an activation output for providing an 
activation signal, Wherein the samples of the driving signal 
from the ?rst line driving circuit form one of the roW and 
column signals and the activation signal forms the other of 
the roW and column signals. 

6. The driving circuit of claim 1 Wherein the delay chain 
and comparator are integrated into a common substrate. 

7. The driving circuit of claim 6 Wherein the sync strip 
circuit and the line drive circuit are integrated into the 
common substrate. 

8. An oscillator-free horiZontal or vertical scanning circuit 
for scanning a matrix addressable display in response to a 
sync signal, comprising: 

a plurality of delay circuits connected in series, each delay 
circuit having an output terminal and at least one of the 
delay circuits includes a delay adjust terminal, Wherein 
a ?rst of the delay circuits is con?gured to receive the 
sync signal; and 

a phase comparator having a ?rst input receiving the sync 
signal and a second input coupled to one of the output 
terminals, the phase comparator further including an 
error signal output coupled to the delay adjust terminal. 

9. The scanning circuit of claim 8, further including a 
level shifting circuit coupled betWeen the error signal output 
of the phase comparator and the delay adjust terminals. 

10. The scanning circuit of claim 8 Wherein the ?rst delay 
circuit is con?gured to produce a ?rst delay and a second of 
the delay circuits is con?gured to produce a second delay 
different from the ?rst delay. 

11. The scanning circuit of claim 10 Wherein the ?rst 
delay is selected to correspond to a ?rst blanking interval of 
an image signal. 

12. The scanning circuit of claim 10 Wherein a third of the 
delay circuits is con?gured to produce a third delay different 
from the ?rst and second delays. 

13. A matrix addressable display for producing an image 
in response to an image signal having an image component 
and a sync component, comprising: 

a sync stripping circuit coupled to receive the image 
signal and operative to produce a sync signal in 
response to the sync component; 

a delay chain including a plurality of serially coupled 
delay elements coupled to receive the sync signal, 
Wherein each delay element has a variable delay 
responsive to a delay signal; 

a comparator coupled to receive the sync signal and an 
output signal of a selected one of the delay elements, 
the comparator producing the delay signal in response 
to a phase difference betWeen the sync signal and the 
output signal of the selected delay element; and 

a ?rst line driving circuit coupled to receive the image 
component and to receive output signals from the delay 
elements. 
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14. The display of claim 13 Wherein the ?rst line driving 

circuit includes a bank of transfer gates. 
15. The display of claim 14 Wherein the driving signal and 

sync signal together form an image signal, further including 
a sync stripping circuit coupled to the delay chain, the sync 
stripping circuit being con?gured to strip the sync signal 
from the image signal and to provide the sync signal to the 
delay chain. 

16. The display of claim 15 Wherein the display is 
responsive to roW and column signals, further including a 
second line driving circuit coupled to the sync stripping 
circuit and having an activation output for providing an 
activation signal, Wherein the samples of the driving signal 
from the ?rst line driving circuit form one of the roW and 
column signals and the activation signal forms the other of 
the roW and column signals. 

17. The display of claim 13, further including a level 
shifting circuit coupled betWeen the comparator and the ?rst 
line driving circuit. 

18. The display of claim 13, further including a matrix 
array integrated into a common substrate With the delay 
chain. 

19. The display of claim 18 Wherein the comparator is 
integrated into the common substrate. 

20. An image display apparatus, comprising: 
a video signal generator for producing an image signal; 
a display screen; 

a matrix array aligned to the display screen; 

a sync stripping circuit coupled to receive the image 
signal and operative to produce a sync signal in 
response to the sync component; 

a delay chain including a plurality of serially coupled 
delay elements coupled to receive the sync signal, 
Wherein each delay element has a variable delay 
responsive to a delay signal; 

a comparator coupled to receive the sync signal and an 
output signal of a selected one of the delay elements, 
the comparator producing the delay signal in response 
to a phase difference betWeen the sync signal and the 
output signal of the selected delay element; and 

a ?rst line driving circuit coupled to receive the image 
component and to receive output signals from the delay 
elements, the ?rst line driving circuit having a plurality 
of outputs coupled to the matrix array. 

21. The image display apparatus of claim 20 Wherein the 
?rst line driving circuit includes a bank of transfer gates. 

22. The image display apparatus of claim 20 Wherein the 
video signal generator is a television receiver. 

23. The image display apparatus of claim 20 Wherein the 
video signal generator is a video cassette recorder. 

24. The image display apparatus of claim 20 Wherein the 
video signal generator is a camcorder. 

25. The image display apparatus of claim 20 Wherein the 
video signal generator is a computer. 

26. A method of controlling a matrix addressable display 
in response to an image signal, the display including an array 
of light emitting assemblies arranged in roWs and columns, 
comprising the steps of: 

stripping the image signal to produce a sync signal; 
delaying the sync signal a plurality of delay intervals to 

produce a plurality of delayed signals, each delay 
interval having a duration; 

after each of a selected plurality of the delay intervals, 
activating the respective roWs or columns of the array 
in response to the respective delayed signal; 
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selecting a reference delayed signal from the plurality of 
delayed signals; 

comparing the sync signal and the reference delayed 
signal; and 

adjusting the durations of the delay intervals in response 
to the comparison of the sync signal and the reference 
delayed signal. 

27. The method of claim 26 Wherein the sync signal is a 
horiZontal sync signal and the display includes a shift 
register coupled to the array to activate selected roWs of the 
array, further comprising the steps of: 

providing a data bit to a ?rst cell of the shift register; and 

clocking the data bit through successive cells of the shift 
register in response to the sync signal. 

28. The method of claim 27 Wherein the step of providing 
a ?rst data bit to a ?rst cell of the shift register comprises the 
steps of: 

stripping a vertical sync signal from the image signal; and 
supplying the stripped vertical sync signal to the shift 

register. 
29. The method of claim 26, further including the step of 

producing an error signal indicating a timing relationship 
betWeen the sync signal and the reference delayed signal. 

30. The method of claim 29 Wherein the step of delaying 
the sync signal a plurality of delay intervals includes the step 
of passing the sync signal through a series of delay blocks 
and the step of adjusting the durations of the delay intervals 
in response to the comparison of the sync signal and the 
reference delayed signal includes the steps of: 

providing the error signal to the delay blocks; and 
adjusting the delays of the delay blocks in response to the 

error signal. 
31. The method of claim 30 Wherein the step of adjusting 

the delays of the delay blocks in response to the error signal 
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comprises the step of selectively increasing or decreasing 
the delays of the delay blocks such that the error signal is 
reduced. 

32. A method of providing a displayed image in a matrix 
addressable display in response to an image signal having a 
sync component and an image component, Wherein the 
display includes a display panel including a plurality of 
display elements, comprising the steps of: 

separating the sync component from the image compo 
nent; 

delaying the sync component a selected delay time to 
produce a delayed sync component; 

comparing phases of the delayed sync component and the 
separated sync component; 

adjusting the selected delay time in response to the 
compared phases to produce an adjusted delayed sync 
component; and 

providing the image component to the display elements in 
response to the adjusted delayed sync component. 

33. The method of claim 32, further comprising the step 
of producing an error signal in response to the step of 
comparing the pulses of the delayed sync component and the 
separated sync component. 

34. The method of claim 33 Wherein the step of adjusting 
the selected delay time comprises the step of selectively 
increasing or decreasing the selected delay time to reduce 
the error signal. 

35. The method of claim 34 Wherein the step of delaying 
the sync component a selected time comprises the step of 
passing the sync component through a chain of delay blocks. 

* * * * * 


